Comment on "Could the Excess Seen at 124 — 126 GeV Be due to the 

Randall-Sundrum Radion?" 



Yong Tang 

Physics Division, National Center for Theoretical Sciences, Hsinchu, Taiwan 



o 

u 

Oh 1 
< 



43 

i , 

Or 
<D 
43 



> 

in 

O 

(N 



X 



The excess seen at 125 GeV at both ATLAS and 
CMS Q has attracted many considerations for new 
physics beside the higgs boson in standard modcl(SM) 
. One very interesting suggestion is Q which shows that 
Randall-Sundrum(RS) radion can be responsible for the 
excess. The physics behind RS model lies with the fol- 
lowing geometry for the warped space-time 



-2kT(x)\ip\ 



[V + G^(x)]dx»dx» + T 2 {x)d<p 2 , (1) 



where T(x) is referred to as the modulus field, G pv (x) as 
graviton and k is a scale of the order of the (reduced) 
Planck scale M p i. To explain the hierarchy problem, 
the compactification radius or the vacuum expectation 
value(vev) of the modulus field, r c = (T(x)), is required 
to satisfy the relation kr c ~ 12. 

The radion (f> identified as the scalar bulk field to 
stabilize the modulus field, couples to SM particles as 
C-int — i^T^ where Tp V is energy-momentum tensor 

for SM particles and A = y/6M pl e- kr ° n . This model 
leads to a larger branching ratio for cf> — > gg or 77, rel- 
ative to hsM 99 or 77 in SM. As shown in [3(, with 
A^ ~ 680 GeV, the excess observed at the LHC can be 
explained by a 125 GeV RS radion with a(H)Br(H — > 
"f"f)/<jBrsM ~ 2.1 and smaller values for other channels 
relative to the corresponding ones in SM. 

The analysis above does not take into account of the 
constraint on other part of the RS model, namely the 
searches for a massive graviton at the LHC. In this note, 
we shall show that the results of LHC searches for gravi- 
ton have interesting implications for the radion. 

The nth massive Kaluza-Klcin(KK) modes of will 



also couple to SM particles, C^ t 



j^G^jT^, where 
Ac = M p ie~ krcJT . The mass of the nth KK graviton is 
given by Mq„ = fcx„e~ fcrc7r = x nl £—kQ, where x n is the 

J" pi 

nth solution of J\{x n ) = 0, and J\ is the Besscl function. 
In the following, we will focus on the first KK mode with 
x x = 3.83, Mq ee M Gl . 

The couplings of the first KK graviton with SM parti- 
cles are proportional to 1/Aq or X\k/M p i for a fixed Mq. 
Limits put on Mq for specified k/M p i can then be trans- 
ferred to limits on Ac therefore on A^ due to the rela- 
tion, Aa = v6Ag- For example, using dijet final states, 
CMS with 1 fb" 1 has excluded a RS graviton mass 
below 1 TeV for k/M p i =0.1. A straightforward calcula- 
tion gives that the corresponding A^ = Xi ff M i Mq = 6.4 
TeV. More recently, using dilcpton final states, ATLAS 
[?| with 5 fb -1 show that a RS graviton mass below 



2.16 TeV is excluded at 95% confidence level also with 
k/Mpi = 0.1, then the corresponding A^ = 13.8 TeV. 

A smaller value of A^ then requires a larger k/M p i, 
although the latter of order 0.1 or less is preferred 
theoretically Q. However, a larger k/M p i means a more 
stringent constraint on Mq because the cross section for 
the graviton's production at the LHC is proportional to 
(k/M p i) 2 . As shown in Fig. [J when k/M pl = 0.3, the 
limit for Mq is 2.8 TeV, then we have A = 5.97 TeV. 
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FIG. 1: Limit on the mass of RS graviton for various k/M p i, 
where the box points are taken from Q. 



One may want to extend to even larger k/M p i and 
hope to accommodate A^ = 680 GeV. The obstacle 
is that there is an upper limit for k/M p i theoretically 

given by @, k/M pi 



< ^37r 3 /5\/5 ~ 2.88. We show 
the conservative constraint for large k/M p i in Fig. [2j A 
limit of Mq = 3.5 TeV will give A = 2.24 TeV for 
k/Mpi ~ 1. Even the largest but highly theoretically 
disfavoured k/M pt ~ 2.88 results in A^ = 0.8 TeV and 
(j(H)Br(H -> 77)/CTBr SM - 1.5. 

In summary, it is unlikely to have a 125 GeV RS ra- 
dion with A^ = 680GcV and accommodate with both 
experimental and theoretically constraints. 
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FIG. 2: Conservative limit on k/M p i and Mg, where the shad- 
owed region is excluded at least at 95% confidence level and 
the region between two solid lines indicates the effect of 10% 
uncertainty. 
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